The present paper examines the thermal buckling of nonlocal magneto-electro-thermo-elastic functionally graded (METE-FG) beams under various types of thermal loading namely uniform, linear and sinusoidal temperature rise and also heat conduction. The material properties of nanobeam are graded in the thickness direction according to the power-law distribution. Based on a higher order beam theory as well as Hamilton's principle, nonlocal governing equations for METE-FG nanobeam are derived and are solved using Navier type method. The small size effect is captured using Eringen's nonlocal elasticity theory. The most beneficial feature of the present beam model is to provide a parabolic variation of the transverse shear strains across the thickness direction and satisfies the zero traction boundary conditions on the top and bottom surfaces of the beam without using shear correction factors. Various numerical examples are presented investigating the influences of thermo-mechanical loadings, magnetic potential, external electric voltage, power-law index, nonlocal parameter and slenderness ratio on thermal buckling behavior of nanobeams made of METE-FG materials.
INTRODUCTION
The theory of magneto-electro-thermo-elasticity has aroused much interest in many industrial applications, particularly in nuclear device, where there exists a primary magnetic field.
In magneto-electro-thermoelastic (METE) materials, applying heat or a magnetic/electric field results in mechanical deformation due to their unique capability to convert energy among three different forms: Magnetic, electric and mechanical. Several investigations have been performed by considering the interaction between magnetic, thermal and strain fields. Among them, Jiang and Ding [1] presented analytical solutions to study magneto-electroelastic responses of beams. Chen et al. [2] investigated vibrational charactristics of non-homogeneous transversely isotropic magneto-electro-elastic plates. Free vibration of multiphase and layered magnetoelectro-elastic beam for BaTiO 3 -CoFe 2 O 4 composite is carried out by Annigeri et al. [3] . Kumaravel et al. [4] researched linear buckling and free vibration behavior of layered and multiphase magneto-electro-elastic (MEE) beam under thermal environment. Applying finite element method, transient dynamic response of multiphase magneto-electro-elastic cantilever beam is presented by Daga et al. [5] . Also, Liu and Chang [6] presented a closed form expression for the vibration problem of a transversely isotropic magneto-electroelastic plate. Razavi and Shooshtari [7] studied nonlinear free vibration of symmetric magneto-electroelastic laminated rectangular plates. Most recently, Xin and Hu [8] presented semi-analytical solutions for free vibration of layered magneto-electro-elastic beams via three-dimensional elasticity theory.
Recently, various studies in solid mechanics are being performed where the elastic coefficients of materials are no longer constant but they are positiondependent. Therefore, new structural materials such as functionally graded materials (FGMs) as a novel class of advanced composite materials have a nonhomogeneous character wherein the composition of each material constituent varies gradually with respect to spatial coordinates. Initially, FGMs were designed as thermal barrier materials for aerospace application and fusion reactors, later on, FGMs are developed for military, automotive, biomedical application, semiconductor industry, manufacturing industry and general structural element in thermal environments. These materials are created to provide desirable properties of their individual constituent. For instance, thermal protection structures made of a ceramic/metal functionally graded material show heat and corrosion resistance on the pure ceramic side while maintaining the structural strength and stiffness by the pure metal surface. Magneto-electro-elastic composites are exploited for the construction of magnetic field probes, electric packaging, hydrophones, medical ultrasonic imaging, sensors and actuators [9] . Until now, several investigations are carried out on mechanical responses of structures made from a contribution of magneto-electroelastic and compositionally graded materials. Pan and Han [9] presented an exact solution for the multilayered rectangular plate made of functionally graded, anisotropic, and linear magneto-electro-elastic materials. Also, Huang et al. [10] studied the plane stress problem of generally anisotropic magneto-electro-elastic beams. In another study, three-dimensional static behavior of doubly curved functionally graded (FG) magnetoelectro-elastic shells under mechanical load, electric displacement and magnetic flux using an asymptotic approach is investigated by Wu and Tsai [11] . Li et al. [12] investigated the problem of a functionally graded, transversely isotropic, magneto-electro-elastic circular plate acted on by a uniform load. Kattimani and Ray [13] investigated active control of geometrically nonlinear vibrations of functionally graded magnetoelectro-elastic (FGMEE) plates. Bending of circular magnetoelectroelastic plates with functionally graded material properties using a meshless method is analyzed by Sladek et al. [14] .
To understand the mechanical behavior of nanostructural elements applied as components NEMS, two kinds of nonlocal models are proposed, i.e. nonlocal strengthening model and nonlocal weakening model. Nonlocal strengthening model [15] states that nanostructural stiffness is enhancement with stronger nonlocal effects, while nonlocal weakening model [16] [17] [18] asserts an opposite conclusion. These theories are introduced to overcome the defects of classical continuum theory which is unable to describe the sizedependency of structures at nano scales. Therefore, some researchers have studied static and dynamic charactristics of nanobeams by using nonlocal elasticity theories. Li et al. [19] showed that both two nonlocal models are correct and are applicable in analysis of nanoscale structures. Based on nonlocal strengthening model, Li et al. [20] studied static behavior of ultra-thin beams with nanoscale thickness. Also, Li et al. [21] analyzed longitudinal dynamic behaviors of nanorods/nanotubes using the hardening nonlocal approach. Based on the nonlocal weakening model, Şimşek and Yurtcu [22] provided analytical solutions for bending and buckling of FG nanobeams based on the nonlocal Timoshenko beam theory. Rahmani and Jandaghian [23] studied buckling of functionally graded nanobeams based on a nonlocal third-order shear deformation theory. Zemri et al. [24] analyzed mechanical responses of FG nanobeams using a refined shear deformation theory. Ebrahimi and Barati [25] studied vibration aalaysis of third-order FG nanobeams. Also, Ebrahimi and Salari [26] conducted thermo-mechanical analysis of FG nanobeams subjected to various thermal loads. It is clear that the effects of magnetic and electric fields are neglected in these works. Free vibration behavior of magneto-electro-elastic (MEE) nanobeams using nonlocal theory and Timoshenko beam theory is studied by Ke and Wang [27] . In this article, it is supposed that the MEE nanobeam is subjected to the external electric potential, magnetic potential and uniform temperature rise. In another study, Ke et al. [28] investigated the free vibration behavior of magnetoelectroelastic (MEE) nanoplates based on the nonlocal theory and Kirchho ff plate theory. Li et al. [29] analyzed buckling and free vibration of magnetoelectroelastic nanoplate resting on Pasternak foundation based on nonlocal Mindlin theory. Ansari et al. [30] studied forced vibration behavior of higher order shear deformable magneto-electro-thermo elastic (METE) nanobeams based on the nonlocal elasticity theory in conjunction with the von Kármán geometric nonlinearity. Wu et al. [31] researched surface effects on antiplane shear waves propogating in nanoplates made from magneto-electro-elastic materials. According to the literature, there is no work investigating the effects of thermal loading on buckling responses of sizedependent METE-FG nanobeams.
Since thermal buckling is an undesirable phenomena [32] which causes instability of structures, there is a strong need to analyze the buckling of METE-FG nanobeams in thermal environments.
This paper investigates thermal buckling of nonlocal magneto-electro-thermo-elastic FG beams by using Eringen's nonlocal elasticity theory. The governing differential equations are derived by implementing Hamilton's principle and also the Navier solution method is adopted solve these stability equations. Magneto-electro-thermo-elastic properties of the FG nanobeams are supposed to be variable through thickness based on power-law model. In the present article, the mentioned task is accomplished, including the following novelties: 1. A higher order parabolic beam theory is used to capture the effect of shear deformation which provides more accurate results than classical beam theory. 2. Four types of thermal loading including uniform, linear and sinusoidal temperature rise as well as heat conduction through the beam thickness are considered. 3. The influences of both magnetic and electric fields are investigated on the stability of smart nanobeams in thermal environments for the first time.
ally graded nanobeam exposed to a magnetic potential ( , , ) x z t  and electric potential ( , , )
, with length L and uniform thickness h, as shown in Fig. 1 [33] . The effective material properties of the METE-FG nanobeam based on the power-law model can be stated in the following form:
In which P 1 and P 2 denote the material properties of the bottom and higher surfaces, respectively. Also V 1 and V 2 are the corresponding volume fractions related by:
Therefore, according to Eqs. (1) and (2), the effective magneto-electro-elastic material properties of the FG beam is defined as:
It must be noted that, the top surface at z h/2 of FG nanobeam is assumed CoFe 2 O 4 rich, whereas the bottom surface (z h/2) is BaTiO 3 rich.
Nonlocal Elasticity Theory for the Magneto-Electro-Thermo-Elastic Materials
Contrary to the constitutive equation of classical elasticity theory, Eringen's nonlocal theory notes that the stress state at a point inside a body is regarded to be function of strains of all points in the neighbor regions. For a nonlocal magneto-electro-thermo-elastic solid the basic equations with zero body force may be defined as:
where where e 0 is an experimentally determined material constant and a and l are the internal and external characteristic length of the nanostructures, respectively. Finally it is possible to represent the integral constitutive relations given by Eq. (4) in an equivalent differential form as:
Nonlocal Magneto-Electro-Thermo-Elastic FG Nanobeam Model
Based on third order beam theory, the displacement field at any point of the beam are supposed to be in the form:
in which  4/3h
2 and u and w are displacement components in the mid-plane along the coordinates x and z, respectively, while  denotes the total bending rotation of the cross-section. To satisfy Maxwell's equation, the distribution of electric and magnetic potential along the thickness direction is supposed to change as a combination of a cosine and linear variation as follows:
where  /h. Also, V and  are the initial external electric voltage and magnetic potential applied to the FG nanobeam. The non-zero strains can be stated as:
, xz xz
Also, the components of electric and magnetic field (E x , E z , H x , H z ) can be obtained as:
The Hamilton's principle can be stated in the following form to obtain the governing equations:
where  S is strain energy and  W is work done by external applied forces. The first variation of strain energy  S can be calculated as:
Substituting Eqs. (8) and (9) into Eq. (12) yields:
in which N, M and Q are the axial force, bending moment and shear force resultants, respectively. Relations between the stress resultants and stress component used in Eq. (13) are defined as:
The work done due to external electric voltage,  W , can be written in the form: 2 2 Ω , ,
For a magneto-electro-thermo-elastic FGM nanobeam in the one dimensional case, the nonlocal constitutive relations (5a) ~ (5c) may be rewritten as:
Inserting Eqs. (13) and (15) in Eq. (11) and integrating by parts, and gathering the coefficients of u, w, ,  and  the following governing equations are obtained:
. 
where  (e 0 a) 2 and quantities used in above equations are defined as: 
The explicit relation of the nonlocal normal force, bending moment and shear force can be derived by substituting for their second derivative from Eqs. (23) (25) as follows:
SOLUTION PROCEDURE
Here, on the basis of the Navier method, an analytical solution of the governing equations for buckling of a simply supported magneto-electro-elastic FG nanobeam is presented. To satisfy governing equations of motion, the displacement variables are adopted to be of the form:
where U n , W n ,  n ,  n and  n are the unknown Fourier coefficients. Using Eqs. (56) ~ (57) the analytical solution can be obtained from the following equations: , , ) , 
TYPES OF THERMAL LOADING

Uniform Temperature Rise (UTR)
For a FG nanobeam at reference temperature T 0 the temperature is uniformly raised to a final value T which the temperature change is T = T  T 0 .
Linear Temperature Rise (LTR)
For a FG nanobeam for which the beam thickness is thin enough, the temperature distribution is assumed to be varied linearly through the thickness as follows [25] :
where the buckling temperature difference is T = T 2  T 1 and T 2 and T 1 are the temperature of the top surface and the bottom surface, respectively.
(52)
RESULTS AND DISCUSSION
The influences of different thermal environments, magnetic and electric fields on the buckling of METE-FG nanobeams with material properties listed in Table 1 are evaluated in the present study.
Due to the reason that the present results are the first published results for the METE-FG nanobeams, the present results are verified by results of nonlocal FG Reddy beams presented by Rahmani and Jandaghian [23] and the results are presented in Table 2 . The beam geometry has the following dimensions: L (length)  10000nm and h (thickness)  varied. Also, it is supposed that the temperature rise in lower surface to reference temperature T 0 of the beam is T 1  T 0  5K.
The influences of different parameters such as various temperature rise (UTR, LTR, HC, and STR), magnetic potential (), external electric voltage (V), nonlocal parameter () and gradient index on critical buckling temperature are tabulated in Table 3 . For all magnetic potentials and external voltages due to the softening influence of nonlocal parameter and gradient index on the beam structure increasing the their values leads to reduction in T cr . Also, positive/negative values of magnetic potential/electric voltage produce larger buckling temperature (T cr ) than negative/positive ones. Moreover, it is obsevable that positive values of magnetic potential show an increasing influence on critical buckling temperatures, whereas the negative ones have a reducing impact. This is due to the reason that compressive and tensile in-plane forces are generated in the nanobeam when positive and negative magnetic potentials are applied, respectively. The influence of thermal loading type on the variations of the critical temperature of METE-FG nanobeams versus power-law index at L/h  10,   2, V 5 and  0.1 is plotted in Fig. 2 . As one can see for all kind of thermal loads the critical buckling temperature decreases when the gradient index rises, especially for lower values of graient index. Also, comparing the results of these four temperature fields reveals that sinusoidal temperature rise (STR) provides larger values of T cr than UTR, LTR and HC, while UTR presents the lower values for critical temperature. Also, the results predicted according to linear temperature rise and heat conduction are close together, but more exactly the HC results are a little less than those of LTR.
To illustrate the influence of the small scale parameter on the thermal buckling responses, Fig. 3 presents the variations of the critical temperature difference of METE-FG nanobeams for various magnetic potentials at slenderness ratio L/h  10, p  1 and V 5. It is clearly observable that, for all kinds of thermal loadings the nonlocal parameter diminishes the rigidity of nanostructures so that it reduces the critical buckling temperatures. Hence, the nonlocal beam model estimates lower values of critical buckling temperature than local beam model. Therefore, nonlocality has a major role on the stability of nanostructures in thermal loads.
Figures 4 and 5 present the variation of critical buckling temperature versus electric voltage and magnetic potential, respectively for different gradient index at L/h  10 and   2. It is observable that for all gradient indexes by increasing magnetic potential/electric voltage from its negative values to its positive values the critical buckling temperature increase/decrease. Also, the impact of magnetic field on the lower values of gradient index is more significant. But, an opposite behavior is observed for electric field. Moreover, when the gradient index is set to zero (p  0) the electric field has no influence on the T cr due to the reason that piezoelectric coefficient (e 31 ) of CoFe 2 O 4 is equal to zero.
Finally, Fig. 6 shows the influence of slenderness ratio (L/h) on the critical buckling temperature for various types of thermal loading when   2(nm) 2 , V 5 and  0.1. It is found that slenderness ratio has a remarkable influence on the thermal buckling responses of METE-FG nanobeams. Therefore, an increase in beam thickness (lower slenderness ratios) results in increment in the critical buckling temperature. The reason is that when the beam becomes thicker, its buckling is postponed and it can endure higher temperatures. 
CONCLUSIONS
Thermal buckling of magneto-electro-thermo-elastic FG nanobeam is investigated using a higher order beam theory. Material properties of METE-FG nanobeam change gradually in thickness direction based on powerlaw model. To consider the influences of small sizes, Eringen's nonlocal elasticity theory is adopted. The notability of different parameters such as thermal loadings, magnetic and electric fileds, power-law index, nonlocal parameter and slenderness ratio on the critical buckling temperatures of METE-FG nanobeams is explored.
It is observed that for all kinds of thermal loadings an increase in the gradient index and nonlocal parameter leads to reduction in critical buckling temperatures due to their softening effect on the beam structure. Moreover, depending on the sign and magnitude of magnetic potential and electric voltage the critical buckling temperatures of METE-FG nanobeam experience both increasing and decreasing trends.
